We study the inclusion of non-standard soft-breaking terms in the minimal SUSY extension of the SM. These terms modify the higgssfermion interaction and the sfermion mass matrices, which can induce new sources of flavour violation. Bounds on the new soft parameters can be obtained from current data, and are related to the diagonalization of the fermion mass matrices. The results are then applied to evaluate the FCNC top quark decays t → c + h i (h i = h 0 , H 0 , A 0 ). Implications of complex soft parameters for CP-violation are also addressed. * Work supported by CONACYT and SNI (México). †
1.-Supersymmetric (SUSY) extensions of the Standard model (SM) [1] have received considerably attention for about two decades, mainly because of their capability to keep stable the mass of elementary scalars under radiative correction, which alleviates the hierarchy problem of the SM. The minimal SUSY extension of the SM (MSSM) has been extensively studied as a framework to search for signals of SUSY [2, 3] ; it contains the SM gauge and fermion fields plus their supersymmetric partners; in addition, the model requires two Higgs doublets of opposite hypercharge to give masses to up-and down-type quarks. The MSSM reproduces the SM agreement with data, and predicts new signatures associated with the superpartners that are expected to appear in current or future colliders [4] .
The required breaking of SUSY is incorporated in realistic models through soft-breaking terms [5] , which include gaugino and scalar masses, as well as trilinear interactions. General soft-breaking sfermion masses and trilinear interactions of the MSSM can produce large flavour changing neutral currents (FCNC) [6] . Possible solutions to this problem have been proposed within the main theoretical frameworks that predict the soft-breaking terms [7] . For instance, in the minimal supergravity (SUGRA) model [8] it is found that the chirality-conserving sfermion masses are degenerated and the trilinear A-terms are proportional to the mass of the corresponding fermion, both conditions automatically supresses FCNC. In gauge mediated models [9] , sfermion masses are obtained as a loop-effect and degeneracy arise as a consequence of (flavour blind) gauge interactions, whereas A-terms arise at two-loop level and are expected to be small. On the other hand, in models where Abelian horizontal symmetries are invoked to explain the fermion mass spectrum [10, 11] , the sfermion masses are not degenerated. Here the symmetry permits an approximated alignment between the fermion and sfermion mass matrices that allows the simultaneous diagonalization of both matrices by the same rotations, whereas A-terms result also proportional to fermion masses. In models with non-Abelian horizontal symmetries [12] , degeneracy of the first and second sfermion generation can be obtained by an appropriate choice of family representations. It should be noted that the above conditions are expected to hold at a heavy scale, and once the parameters are evolved down to the electro-weak scale, a larger amount of non-degeneracy or non-proportionality may arise.
Although it is widely stated that the soft-terms included in the definition of the MSSM are the most general ones, there are extra terms that are not usually considered in the literature [13] . 1 The purpose of this letter is to study effects that arise from the inclusion of non-standard terms within the context of the MSSM. It is found that such terms modify the Higgssfermion interactions and the sfermion mass matrices, which can induce new sources of flavour violation. We discuss the possibility to obtain modelindependent bounds on the trilinear soft parameters FCNC processes, using the mass-insertion formalism and the super-KM basis, and find out that such program requires the knowledge of the fermionic diagonalizing matrices. For a simplified case, we derive bounds for the chirality-changing squark mass matrices. Then, we use these bounds to estimate the FCNC top quark decays t → c + h i , with h i denoting the neutral Higgs bosons of the MSSM. In particular, we evaluate the contribution of the trilinear soft-breaking terms to the 1-loop amplitude for the decay. We also comment on the implication of complex trilinear terms for CP-violation phenomena.
2.-The usual trilinear terms included in the MSSM correspond to interactions of the sfermions with the Higgs doublets (H 1,2 ), of the form
whereQ,L represent the squark and slepton doublets, whereas the squark and slepton singlets are denoted byŨ,D,Ẽ. The parameters A u,d,l represent 3 × 3 matrices in flavour space.
Equation (1) resembles the Yukawa Lagrangian of the MSSM, provided that the fermion fields are replaced by their scalar superpatners. In turn, the Yukawa sector of the MSSM concides with with the so-called two-Higgs doublet model II (THDM-II). Higgs-mediated FCNC are absent in THDM-II because each flavour couples only to one Higgs doublet [15] , unlike the version of THDM known as model III, where each quark flavour couples to both Higgs doublets [16] . Model III can not be realized in the fermion sector of the MSSM because of the required holomorphy of the superpotential. However, one could write soft-breaking terms that resemble model III by allowing each sfermion flavour to couple to both Higgs doublets. The corresponding Lagrangian is given by
where
,l also denote 3 × 3 matrices in flavour space. These terms are indeed soft, because each of the scalar fields carries U(1) Y charges that forbidds their appearence in tadpoles graphs, which are the only diagrams that could generate quadratic divergences from these cubic interactions [14] .
The resulting squared sfermion mass-matrices (6 × 6) can be written in terms of 3 × 3 blocks, as follows
The mass terms (M 2 f ) LL,RR receive contributions from the F-and Dterms, after the Higgs fields aquire v.e.v.'s < H 0 1,2 >= v 1,2 , as well from the chiral-conserving soft-masses [17] . On the other hand, the chirality-changing mass terms (M 2 f ) LR receive contributions from F-terms and from the A− and C−trilinear interactions. The form of the LR mass matrices arising from (1) and (2) is given by
where m 0 u,d,l denote the (non-diagonal) fermionic mass matrices and
The fermion and sfermion mass matrices need to be diagonalized in order to get the mass eigenstates. However, since the general fermion and sfermion mass matrices are not diagonalized by the same rotations, flavour-violating interactions will appear in the MSSM [18] . In our case, since the C f terms modify the chirality-changing (LR) sfermion mass matrices, they can represent a new source of flavour violation.
3.-To determine the phenomenological predictions of the model, we need to know the values of the parameters A f and C f , which requires a complete understanding of the mechanism responsible for SUSY breaking. In supergravity/superstrings these terms are associated to non-minimal interactions, whereas in models with horizontal symmetries they will appear as higher-dimensional operators. In gauge-mediated models, the non-standard soft-terms will appear as higher-order loops, as the A-terms do (two-loop level). Thus, the C q parameters appear to be small in the minimal realization of the these SUSY-breaking scheemes. However, their contribution to low-energy processes may not be negligible when compared with the A-terms. This happens for the first and second sfermion generations, because the A parameters of the minimal models result proportional to the light fermion masses. Thus, the corresponding C q,l parameters should be included in a model independent analysis of FCNC phenomena.
In order to discuss FCNC bounds, it is convenient to work in the so-called super-KM basis, where fermion mass matrices and fermion-sfermion gaugino vertices are diagonal; flavour violation arises from the off-diagonal components of the sfermion mass matrices, which are treated as mass-insertions in loop-graphs [19] . The FCNC bounds presented in the literature are usually expressed in terms of the dimensionless parameters:
where V f L,R denote the rotations that diagonalize the fermion mass matrices; m 2 f denotes an average sfermion mass. Bounds for the off-diagonal elements of (δd LR ) 12 can be obtained, for instance, by requiring the SUSY contribution saturates the observed K −K mass difference. The diagonal elements (δf LR ) ii can be bounded from the SUSY corrections to the fermion masses. For m [19] . The bounds for the δ LRparameters can be translated into bounds on the A-parameters, however such analysis has not been done in a model-independent manner, only a particular case has been studied in the literature [20] .
In order to get model-independent bounds for the A f and C f -parameters, we need to know all the entries of the matrix (δ f LR ) ij , then one could attempt to invert eq. (7), and express the LR-mass matrix in terms of the experimental parameters, namely
which requires the knowledge of the fermionic rotation matrices. In fact, eq. (8) gives the interesting possibility to relate the origin of fermion masses and FCNC sfermion parameters. In order to illustrate the use of eq. (8), we need to make some simplifying assumptions. For instance, taking the two-generation case and assuming that the CKM mixing matrix comes from d-quarks, and also that the d-type fermion matrix is symmetric, we obtain (M
where V CKM denotes the CKM-mixing matrix. Using the value of the Cabibbo angle and the bounds derived in ref. [19] for mg = mq = 500 GeV, one obtains the following result
On the other hand, for u-type squarks one can take
Then, for mg = mq = 500 GeV, we obtain
When tanβ ≃ 1, both A and C terms are present, which complicates the analysis to obtain their separated expressions. However, for tan β >> 1, the values of C d and A u are given by the r.h.s. of eqs. (10) and (11), respectively. The complete analysis can not be done at present, because the data for the full 3×3 δ LR matrix is not well known, specially for stop/scharm parameters, and neither there is a definite model of fermion masses, which is required to know the fermionic rotation matrices. However, since the known entries for δ d LR parameters associated with third-family d-type sfermions are about one order of magnitude larger than those used above, it is not unreasonable to take values of order 100 − 500 GeV for off-diagonal trilinear parameters of u-type squarks. Then, it is possible that the soft-parameters (A q and C q ) can give large FCNC effects for third family sfermions, which could test directly their strength.
4.-To illustrate the effects of the non-standard soft-breaking terms from u-type squarks, we shall consider the FCNC decays of top quark t → c + h i [21] , including only the dominant1-loop contribution arising from the FCNC interaction of the Higgs bosons with sfermions, with gluinos and squarks circulating in the loop. The resulting expression for the decay width is
where:
C 0 denotes the scalar Veltman-Passarino loop-function, whereas mt, mc, mg correspond to the stop, scharm and gluino masses, respectively, whereas
In the MSSM, inclusing only the A-term, the resulting branching ration can reach values of order 10 −5 − 10 −6 ; in our case, if we assume that A u tc and C u tc are of similar strenght, we find that the branching ratio is of order 10 −4 . Moreover, if we also include the constributions from off-diagonal terms in M 2 LL,RR it is possible to obtain branching ratios of order 10 −3 , which could be tested at Tevatron. Some representative values of B.R. are shown in table 1.
5.-Another interesting aplication of the new soft-breaking terms is in CP-violation phenomena. In a recent paper [22] , it has been proposed to use a non-minimal expression for the A-terms, in order to explain the recently observed value of ǫ ′ /ǫ as being a SUSY effect. Since the C-terms can also be complex, its contribution to the imaginary part of (δ d LR ) 12 could enhance the amount of CP-violation due to SUSY, and would help to explain the observed effect within the MSSM.
CP-violating Higgs interactions receive also a contribution from the C f terms. For instance, they can contribute to the parameter η l CP that measures the CP-violating coupling of Higgs bosons with leptons [23] , which arises at 1-loop and receives contributions from sleptons and gauginos, thus it is sensitive to the higgs-slepton coupling. The expression for the CP-violating parameter, with sleptons and binos circulating in the loop, is given by
where y l denotes the Yukawa coupling of lepton l, ml, M 1 corresponds to the slepton Bino masses, respectively; f is a function that arises from the loop integration. For SUSY masses of order 200 GeV, tan β = 10 and m A = 100 GeV, we find that η µ CP reaches values of order 0.1, which can be detected at a future muon collider [23] .
6.-In conclusion, we have studied the effects of non-standard soft-breaking terms in the MSSM, and found that they modify the chirality-changing (LR) components of the squared sfermion mass matrices, which can induce new sources of flavour violation. We discuss how present bounds on the MSSM parameters need to be re-interpreted in the presence of the C-terms; in order to reconstruct the sfermion mass matrices it seems neccesary to know the form of the matrices that diagonalize the fermion mass matrices. Given present FCNC data, we can estimate the A and C parameters for first and second generation sfermions, and then argue about the expected bounds for third family sfermion parameters. The resulting bounds are then used to evaluate the contribution from the Higgs-sfermion interactions to the decays t → c + h i , which enhance the B.R., making them to reach detectable values. We also found that the C-terms enhance the possibility to explain the newly observed CP-violation phenomena as a SUSY effect, and the possibility to measure the CP-violating higgs-lepton coupling at a future muon collider.
Finally, it is seems relevant to mention that the existence of these new soft-breaking terms implies not only a redefinition of the MSSM lagrangian, but it also opens the posibility to test different scenarios coming from the breaking of SUSY, which is supposed to occur at high-energies, through meassurable effects at low-energies. Table 1 . B.R. of top FCNC decay t → c + h i . Results are shown for tan β = 2, mq = 300 GeV, mg = A u = C u = 500 GeV, and the numbers in paranthesis correspond to tan β = 10. 
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